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Historical masonry structures are one of the most valuable cultural assets of mankind, but 
over the time they suffer from damage due to material degradation, differential settlements, seismic 
actions and other environmental effects. These damages result in a variety of forms of structural 
performance decrease that can cause instabilities, failure and collapse. Thus, historical masonry 
structures need to be periodically assessed so that proper maintenance or strengthening action can 
be taken, if needed. Nonetheless, assessment of historic masonry still remains a complex and 
difficult task, especially given that in today’s engineers education main attention is focused on more 
modern construction materials and advanced ones.  
Masonry assessment approaches include experimental tests, structural analyses and modelling. In 
addition, the diagnosis of historical buildings requires many more expertises. Because of today’s 
specialized technical knowledge, it is seldom the case that such competences are combined in the 
same person as it was in the past. In fact, the most advanced Italian document concerned with 
seismic risk reduction to architectural heritage[1] stresses the role of a multidisciplinary and multi-
phase knowledge path related to the historic construction, as preliminary step to the design of a 
correct intervention that has to be minimal, compatible and possibly reversible. The fact remains 
that in the praxis these principles are not generally applied.  
Whereas experimental tests, both in situ and laboratory are conducted in order to achieve the 
mechanical characterization of masonry elements and materials, the obtained values might have 
little meaning if for example the test positions and sampling areas are not representative of all/main 
phases of the construction or of the health-state of the various materials and zones. As known, the 
masonry properties, and thus of these structures, are influenced by many factors, such as the 
construction technique, workmanship, type of mortar, physical properties of the materials used in 
construction [2]. It can be deduced that the experimental determination of mechanical properties of 
masonry structures may give rise to values within a wide interval. On the other hand, experimental 
activity cannot be carried out extensively, especially on historic masonry, because whilst the 
extraction of mechanical parameters is generally carried out by invasive means, the preservation of 
original and historic materials of the building remains a priority. In addition, mechanical 
experimental testing is expensive, time consuming and can be affected by many variables and 
difficulties, which may undermine the obtained values. Thus, NDT can play a major role in 
extracting in indirect or semi-direct way such mechanical parameters. Nevertheless, here too, skills 
and experience are high indispensable. 
Indeed, in addition to having a value of their own which contributes to substantiate preliminary 
observations and hypotheses from visual inspections and from collection of documentation, 
quantitative results from the experimental tests may be used as input parameters in numerical 
models, such as finite element models, in which structural analyses and mechanical behaviour are 
conducted at a given state of the structure. Here comes the gap between the basic two stages of the 
assessment of any historical masonry structure: experimental testing and computational analysis. 
Existing modelling SWs are many and may require pretty different input information, from very 
 basic to very sophisticated with a large spectrum of parameters. While some SWs may be dedicated 
to masonry modelling, or have additional codes dedicated to this, others are multipurpose, thus not 
appropriate for masonry modelling. At the same time, in the praxis of engineering offices, the 
majority of professionals applies a limited number of unsophisticated SW tools. The structural 
analysis input requires the material properties, and a full mechanical characterization is needed for 
proper non-linear analysis of masonry structures[3]. Nonetheless, although most masonry structures 
exhibit nonlinear behaviour, in dedicated modelling SWs it is possible to consider a linear 
behaviour of the material. This because of both the difficulty in obtaining the nonlinear parameters, 
and for sake of simplicity and reduced time of analysis. Hence, the accuracy of the mechanical 
parameters used by the analysts, obtained by field engineers, may not match the level of accuracy 
used in modelling, due to a gap in development of experimental techniques compared to numerical 
modelling approaches, in the last years. This causes an unrealistic simulation of the masonry 
structure. It follows the basic question of how significant the simulation results are and whether or 
not they can be trusted. 
Hence, the scope of this work is to evaluate and compare a variety of FEM tools that allow linear 
and non-linear analysis of masonry structures, with respect to the needed input parameters for 
undertaking the analysis. The matter of this comparison involves the theoretical basis of the FEM 
tools, where masonry structures are concerned; including materials libraries, brittle material models, 
and the mechanical parameters. The investigation of the needed input in FEM tools aims to show 
what can be achieved by using different mechanical characteristics of the masonry elements 
implemented in the analysis. Typically, the users do not compare the analytical results given by the 
FEM softwares with the theories behind the simulation, but they are able to use the program and 
have a basic understanding of the procedure of a simulation.  
Instead, it is paramount to understand the computational and theoretical background of the masonry 
structural mechanics used by each FEM software. The research shows that the difference in results 
between FEM softwares is significantly related with the degree of accuracy used in the specific 
model, with respect to the failure criterions, meshing techniques, and the accuracy of input 
parameters. Thus, while in simple cases it is possible to perform liner analysis by using only 
modules of elasticity, material density and Poisson ratio, for nonlinear analysis many parameters 
may be required, depending on which failure criterion the FEM software is applying (Mohr-
Coulomb, Drucker-Prager or others). Not all these parameters are simple to obtain, experimentally. 
Hence, the accuracy of the modelling depends on the input used by the FEM software in order to 
describe the mechanical behaviour of the structural model. In turn, this is related to the accuracy 
and amount of the experimental techniques applied to obtain the mechanical characteristics. 
Generally, it can be said that in historical masonry structures assessment, an analytical strategy 
needs to be set before starting the assessment, where this strategy contains both the experimental 
tests and the numerical model constrains related with the degree of accuracy needed for a certain 
study, and supporting an interaction between the two parties, in order to reach a result with best 
possible degree of accuracy. 
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